to 4 minutes; 2 thus, a child found with a buprenorphine tablet in his mouth may experience signifi cantly more toxicity than a child who immediately swallows a tablet. 4 Naloxone is included in a 4:1 ratio in this combination drug formulation to prevent the euphoric effects of buprenorphine in case the tablet is inap propriately crushed and injected. It might seem that naloxone would nullify the effects of the buprenorphine's opioid activity, but naloxone undergoes extensive fi rst-pass metabolism and therefore is not effective orally or sublingually. 2, 6 Naloxone may possess minimal opioid antagonist effect sub lingually but if ingested com pletely, as is most likely in this case, there is no signifi cant clinical effect. 7, 8 Case Continuation: The patient's initial serum chemistries were normal, without anion gap or acidosis. Serum acetaminophen and salicylate levels were below the detection limit. Serum ethanol level was <10 mg/dL. Urine immunoassay for drugs of abuse was negative for opioids (Dimension Vista 500; Siemens USA, Washington, DC). His chest radio graph showed no evidence of pulmonary edema, pneumonia, or other cause of hypoxia. A computed tomography scan of his head was not performed.
After transfer to our hospital and admission to our PICU, the naloxone infusion was increased to 0.04 mg/kg per hour because of respiratory depression and continued somnolence. The naloxone infusion was continued at 0.04 mg/kg per hour for 10 hours. The infusion was decreased to 0.02 mg/kg per hour for 3 hours, and then decreased to 0.01 mg/kg per hour for 7 hours. Twenty-three hours after the initial naloxone bolus, the patient was awake and alert with no signs of central nervous system or respiratory depression; the naloxone infusion was discontinued at that time. The patient was administered a continuous naloxone infusion for 23 hours after the initial doses of naloxone, for a total dose of 0.68 mg/kg. He was discharged from the hospital after 48 hours and at 6-month follow-up was doing well and appeared to have normal growth and development. Question: How is it possible for a child to exhibit an opioid toxidrome in the setting of a negative result for opiates on a urine drug screen?
Discussion:
The basic urine drug screen for the patient illustrated in this case was negative for opiates. Commercially available basic urine drug screens are enzyme-multiplied immunoassays designed for qualitative analysis of opiates in urine, most often morphine, morphine-3-glucuronide, and codeine. The test may be positive if certain synthetic or semisynthetic opioids struc turally similar to morphine are present, such as hydromorphone. 9 If an opioid structurally dissimilar to opiates is present, it is not expected to result in a positive test. Because of buprenorphine's structural dissim ilarity to morphine and codeine, it is not expected to produce a posi tive result. Specifi c immunoassays are available to detect other opioids such as methadone, propoxy phene, and buprenorphine. Although these results are unlikely to affect clinical management of the opioid toxidrome, they may assist in determining a safe disposition for the patient. In a patient with history or examination fi ndings consistent with opioid toxicity, naloxone is indicated even in the absence of a positive urine or serum drug screen for opioids.
Question: What are current recommendations for management of pediatric buprenor phine toxicity? Discussion: Children respond to buprenorphine ingestion with the classic signs of opioid toxicity but possibly with unique sensitivity, specifi cally mani fested by signifi cant respiratory depression. 4, [10] [11] [12] Buprenorphine was initially suggested to have minimal respiratory depression in pediatric pa tients, and this effect was attributed to its partial agonist activity at the μ receptor. 13 Since 2004 there have been multiple reports of pediatric ingestions that resulted in signifi cant toxicity, including death. 4, 10, 12, 14, 15 Pediatric deaths caused by buprenorphine ingestion have prompted its US manufacturer to cease production of buprenorphine tablets. 16 To prevent endotracheal intubation and mechanical ventilation, our patient needed a continuous naloxone infusion for 23 hours after 3 initial bolus doses of naloxone on presentation, for a total dose of 0.68 mg/kg. Other case reports have indicated that high doses and prolonged duration of naloxone may be needed for children relative to treatment of ingestion of other opioids. 4, 12 Buprenorphine has high affi nity for the µ receptor and a long half-life. Our patient's clinical course was consistent with buprenorphine-induced opioid toxi city, and he received a prolonged continuous infusion of naloxone.
Pharmacokinetic data show that bu prenorphine reaches peak plasma concentrations at 1 hour after sublingual administration. 2 In a study evaluating the ceiling effect on re spiratory depression, Dahan et al 3 reported that peak respiratory de pression occurred between 150 and 180 minutes after intra venous administration. Given buprenor phine's rapid buccal and sublingual absorption, this time frame probably applies to oral exposures also. These data suggest that a child who shows no signs of respiratory depression at 3 hours after ingestion is unexpected to develop toxicity. However, these data have signifi cant limitations in pediatric patients. Therapeutic buprenorphine dosing is children ranges from 2 μg/kg to 6 μg/kg, 15 and exposure to a single 2-mg tablet may represent a three-to fourfold increase over therapeutic dosing. This makes recommendations for dispo sition problematic. Pharmacokinetic data suggest that a child without any signs of central nervous system or respiratory depression 6 hours after exposure can be safely discharged from the hospital, and indeed some authors have recommended this approach.
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Some authors have recommended 24 hours of inpatient observation for all pa tients with buprenorphine exposures, re gardless of the presence of clinical signs of central nervous system or respiratory depression. 4, 15, 17 Buprenorphine is being increasingly prescribed for opioid addiction. Subsequently, an exponential increase in pediatric exposures has been reported to poison centers. 18 This recent phenomenon underscores the impor tance of clinicians understanding the diagnosis and management of buprenorphine exposures in pediatric patients.
Observation in a monitored setting is warranted for all pediatric patients with suspected exposure to buprenorphine. The clinical presentation described herein is consistent with classic opioid toxicity, despite a urine drug screen with a negative result for urinary opiates. Pediatric patients may need higher dosages and repeated doses or prolonged infusion after buprenorphine ingestion. Prompt naloxone dosing, airway management, and after care are vital components of treatment.
LEARNING POINTS
• Buprenorphine has potential to cause signifi cant toxicity, even if the tablet is in the mouth for a short period of time.
• Pediatric patients who may have been exposed to buprenorphine should be observed for 6 to 8 hours, and if they remain asymptomatic and need no antidotal therapy, they may be safely discharged from the hospital.
• Pediatric patients who have been exposed to buprenorphine and exhibit any symptoms should be admitted to a monitored setting for 24 hours because the severity of potential adverse effects.
• Pediatric patients presenting with examination fi ndings consistent with opioid toxicity should receive empirical naloxone, even in the presence of a negative urine drug screen.
